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Method and system of producing microparticles loaded with biologically active drugs, including proteins such as ICAM-1, for 
controlled release of the drugs in a nasal passageway. The method includes introducing a drug/polymer feed solution and an emulsifier into 
a first mixing chamber to create an emulsion, then mixing a cross-linking agent together with the emulsion under controlled conditions to 
create microparticles loaded with the drug. The system includes a first mixing chamber, in which the emulsion is created, having a first 
port for introducing the drugfpolymer solution, and a second port angled substantially perpendicular to the first port for introducing the 
emulsifier. A second mixing chamber adjacent to the first mixing chamber receives the emulsion and either contains a cross-linking agent 
or receives a stream of a cross-linking agent to solidify the microparticles. The formed microparticles are filtered and deaggregated to form 
individual microparticles that then may be formulated for nasal passageway delivery. 
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SYSTEM AND METHOD FOR PRODUCING DRUG-LOADED 
MICROPARTICLES 

INTRODUCTION 

5 Technical Field 

The present invention relates generally to the field of producing drug-loaded 
microparticles, and relates specifically to the field of producing microparticles thai 
yield a sustained, controlled release of the drug over a period of time. More 
specifically, the present invention relates to a system and method of loading 
10 microparticles with intercellular adhesion molecule ICAM-1, one or more functional 
domains of ICAM-1, one or more biologically active ICAM-1 fragments, analogs of 
such biologically active ICAM-1 fragments, and combinations and functional 
derivatives thereof, and which microparticles are deposited in the nasal cavity and 
yield a sustained, controlled release of ICAM-1 over several hours. 

15 

PackgTWnd of the Invention 

In recent years, the nasal passageway has been gaining attention as an 
alternate route of administration for systemically active drugs, such as peptides and 
proteins. Some proteins, such as intracellular adhesion molecule ICAM-1, are best 

20 delivered via the nasal passageway. 

The desired size range of microparticles that may be used to deliver drugs via 
the nasal passageway is fairly narrow, i.e, aerodynamic mass median diameter 
(AMMD) of between about 20/im and 80/im. If the microparticles are too small, 
i.e., less than about 10/xm, they can be carried with the airstream down into the 

25 tracheobronchial region. Thus, microparticles having an AMMD of less than about 
10/tm could be used to deliver drugs via the tracheobronchial passageways. If the 
microparticles are too large, i.e., greater than about 100/iin, then the microparticles 
are relatively rapidly cleared from the nasal passageway. 

Drug delivery to the nasal mucosa, for either topical or systemic action, is 

30 influenced by the duration of the contact with the drug-loaded particles. Nasal spray 
preparations administered using pumps or pressurized metered dose inhalers deposit 
mainly in the anterior part of the nasal cavity. That region is largely non-ciliated, 
and clearance is relatively slow. Generally, mucociliary function clears materials 
from the turbinates into the nasopharynx on average at a rate of about 6 mm/minute, 

1 
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with the flow rate increasing posteriorly. Nasal clearance depends on the particle size 
of the drug-loaded particles and the deposition site within the nasal passageway. 
Particles deposited in the sparsely ciliated or non-ciliated anterior region of the nasal 
cavity are cleared at a slower rate due to a slow drag from the contiguous mucus. 

5 The majority of human rhinoviruses, the major causative agent of the common 

cold, utilize intercellular adhesion molecule 1 (ICAM-1) as a receptor on host cells. 
ICAM-1 is an integral membrane protein with a large N-terminal extracellular 
portion, a transmembrane anchor, and a short C-terminal cytoplasmic domain. The 
normal physiological function of ICAM-1 is to serve as a membrane-bound ligand of 

10 the leukocyte integrin lymphocyte function-associated antigen 1 (LFA-1) and mediate 
intercellular adhesion between leukocytes and a variety of cell types. {See, Greve et 
ah, "Mechanisms of Receptor-Mediated Rhinovirus Neutralization Defined by Two 
Soluble Forms of ICAM-1", J. Virol 65(11): 6015-6023 (1991)). Since ICAM-1 
binds human rhinovirus, a truncated form of ICAM-1, t-ICAM-453, has been 

15 proposed for clinical use as a nasally delivered prophylactic for rhinovirus infections. 
It would be desirable to minimize the need for repeated administration by providing 
increased ICAM-1 dwell-time in the nasal cavity. 

The technology of microparticle production has extensive applications for drug 
delivery. A number of techniques have been utilized to make such microparticles, 

20 including solvent evaporation, and spray drying. One of the simplest presently 

available techniques is the preparation of calcium alginate microparticles by extruding 
or spraying sodium alginate solution as droplets into a calcium chloride solution. 

The acceptability of microparticles for controlled release of drugs, including 
proteins, in the nasal passageway requires a product that is small in diameter, i.e., 

25 considerably less than one millimeter, that may be manufactured in a consistent size 
and drug distribution, and that has controlled degradation properties. 

One method for manufacturing calcium alginate microparticles is to disperse 
the aqueous sodium alginate solution containing drug in an organic phase, then add 
calcium chloride to harden the emulsion formed droplets. In one such batch-process, 

30 a 3:2 ratio of two surfactants (sorbitan trioleate and polyoxyethylene sorbitan 

trioleate) and a minimum concentration of approximately 1 % weight/weight (w/w) of 
surfactant is required to be added to the mixture to produce acceptable drug-loaded 
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particles. (See, e.g., Wan et ah, "Drug Encapsulation in Alginate Microspheres by 
Emulsification. tt Microencapsulation 9(3):309-316 (1992)). Other surfactant mixture 
ratios or concentrations may affect the microparticle size, shape, degree of clumping, 
drug loading and drug release characteristics. Thus, this method of preparing 

5 calcium alginate microparticles is sensitive to surfactant types and concentrations. 

In batch process emulsion formation and hardening techniques, surfactants 
commonly are required to improve the microparticle size/shape and drug 
encapsulation efficiency. Problems likely to arise as a result of using such surfactants 
include: difficulty in washing the surfactants out of the formulation and measuring 

10 residual levels; possible adverse health effects caused by any residual surfactants; 

difficulty in washing the surfactants out of the formulation while not leaching out the 
drug; and potential affects on the bioadhesion, swelling behavior, and drug release 
profile of the microparticle. 

Spray droplet formation techniques for manufacturing microparticles tend to 

15 produce large particles, i.e., over one millimeter (1mm) in diameter. Although spray 
droplet formation techniques could be used to produce microparticles in the desired 
size range of between about 20/tm and 80/im, this droplet formation technique is not 
desirable due to the difficulty in scaling the technique, process variability, and lack of 
suitability to clean pharmaceutical processing. 

20 Numerous chemicals, polymers and controlled-release agents that may be used 

in manufacturing microspheres are known and commercially available. Examples of 
materials used to prepare microspheres for nasal delivery are: cellulosic polymers, 
specifically lower alkyl ethers of cellulose, starch, gelatin, collagen, dextran and 
dextran-derivatives, protein polymers, such as albumin, disodium cromoglycate, 

25 sephadex, or DEAE-sephadex. These may include mixtures or coatings with other 
materials such as polyacrylic acids, to improve the bioadhesive or controlled-release 
properties of the microspheres. (See, e.g. , U.S. Patent No. 5,204,108 to Ulum.) 

Other materials that may be used in manufacturing microparticles are known 
and include alginates, xanthan gum, and gellan gum, among others. All three 

30 substances are effective as enteric coatings. Alginates are known to produce uniform 
films, with application in industries as diverse as paper coatings, textile printing, and 
foods. The alginate film is particularly useful as an enteric coating because it 
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normally is applied as the soluble sodium form, which then is converted to the 
insoluble alginic acid form by gastric fluids. Improvements have been made by 
combining sodium alginate with sodium calcium alginate in tablets containing high 
drug loading. 

5 Alginates also have been used in fluid suspensions for many years because of 

their ability to form a gel upon contact with gastric fluids. Furthermore, calcium 
alginate gel beads are used to contain a variety of substances, such as flavors in the 
food industry, enzymes for bioreactors, live cells, and live organisms. Calcium 
alginate is particularly favored because of the mild conditions employed in its 

10 manufacture and the nontoxicity of the reagents. 

Alginate is a collective term for a family of copolymers containing 1,4-linked 
B-D-mannuronic and a-L-guluronic acid residues in varying proportions and 
sequential arrangement. Alginate forms gels with divalent ions like calcium, and the 
gel-forming properties are strongly correlated with the proportion and lengths of the 

15 blocks of contiguous L-guluronic acid residues in the polymeric chains. The 

properties of alginates are described in Martinsen et al., "Alginate as Immobilization 
Material," Biotecfmol. Bioeng. 33:79-89 (1989). 

Although there are several reports of using alginate beads to microencapsulate 
peptides and proteins, nearly all reports indicate bead sizes over 100/im in diameter. 

20 In addition, nearly all reports prepare alginate gel beads by dropping sodium alginate 
solution into an aqueous calcium chloride solution to form the beads. While such a 
method does produce microencapsulated beads, the difficulty in controlling operating 
conditions to produce microparticles in the desired size range, difficulty in scaling, 
and the lack of suitability to clean pharmaceutical processing makes such methods 

25 impractical for commercial production of microparticles containing proteins such as 
ICAM-1. 

The preparation of drug-loaded microspheres is described generally in U.S. 
Patent No. 5,204,108 to Ilium. In that patent, active agents are incorporated into 
microspheres made from gelatin, albumin, collagen, dextran and dextran-derivative. 
30 The final microspheres are cross-linked and finally processed for transmucosal 

delivery. However, there remains a need for microspheres that deliver a drug to the 
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nasal passageway for controlled, long-term release of the drug in the passageway and 
that neither cross the mucosal barrier nor are cleared from the passageway. 

Thus, there remains a need for a method and system for producing 
microparticles loaded with drugs, peptides or proteins that may be used for 
5 controlled, sustained release of the drug or protein. The preferred method and 
system should reliably produce microparticles for delivery of drug into the nasal 
passageway that have a predictable load, that are within a size range of between about 
20/xm and about 80/xm, with about an 80% to about 100% recovery, and without 
significant loss in drug efficacy. 

10 

SVMMAH Y OF THE INVENTION 
The present invention relates to a system and method of manufacturing 
alginate microparticles loaded with a drug, including a protein such as intercellular 
adhesion molecule ICAM-1, that can be delivered via the nasal passageway. 

IS The system of the invention comprises a semi-continuous flow system that 

mixes a drug-loaded, alginate stream, most preferably a low viscosity sodium 
alginate (LVCR), with an emulsifier stream to form an emulsion in a mixing 
chamber. At a point downstream either in the same or an adjacent mixing chamber, 
a stream containing a cross-linking agent, such as a calcium salt, is added to the 

20 emulsion. In the cross-linking process, sodium in the sodium alginate is replaced by 
calcium, forming a non-water soluble calcium alginate microparticles loaded with the 
drug. After collection, the microparticles are filtered, washed, dried in a vacuum 
oven and, if necessary, deaggregated using gentle pressure to produce individual 
drug-loaded microparticles that may be delivered via the nasal passageway. 

25 The system and method of the invention produces microparticles having an 

aerodynamic mass median diameter (AMMD) of between about 20/xm and about 
80/*m, with the AMMD preferably between about 40iim and about 50^m with an 
ICAM-1 loading of about 10%. The system yield is up to about 100%. 



30 



BRIEF DESCRIPTION OF THE DRAWINGS 
FIGURE 1 shows a schematic representation of a longitudinal cross-section 
representative mixing block embodying the present invention. 



WO 96/40069 



PCT/US96/10031 



FIGURE 2 sh ws a schematic of a method and system embodying the present 
invention. 

FIGURE 3 is a flow chart of one embodiment of the method of the present 
invention. 

5 FIGURE 4 shows a schematic representation of a in longitudinal cross-section 

of a representative mixing block embodying the present invention. 

FIGURE 4A shows in longitudinal cross-section the mixing block of FIGURE 
4, with tubing and mylar fittings. 

FIGURE 4B is a cross-section taken along lines 4B-4B of FIGURE 4A. 
10 FIGURE 4C is a cross-section taken along lines 4C-4C of FIGURE 4A. 

FIGURE 5 shows in longitudinal cross-section a representative second mixing 
block with the second mixing chamber of a system embodying the present invention. 

FIGURE 6 shows in longitudinal cross-section a representative second mixing 
block with the second mixing chamber of a system embodying the present invention. 

15 

DESCRIPTION OF SPECIFIC EMBODIMENTS 
The present invention relates to a novel system and method for producing 
microparticles loaded with a desired drug or protein, such as ICAM-1, which may be 
delivered via a nasal passageway for controlled release of the drug. 

20 Most drug delivery systems using the nasal passageway, seek to increase the 

systemic transfer of the drug. The mechanism of the protein intercellular adhesion 
molecule ICAM-1 requires that die particle stay on the surface of the nasal 
passageway, neither absorbing into the host system nor being cleared by the efficient 
nasal clearance system. Thus, for ICAM-1, it is important to identify a system for 

25 producing ICAM-1 loaded microparticles that can be delivered to a nasal passageway, 
and that will remain within the passageway for an amount of time to permit the 
ICAM-1 molecule to bind to the target rhinovirus molecule before the ICAM-1 is 
absorbed or otherwise cleared. 

The system described herein reliably produces microspheric particles having 

30 an aerodynamic mass median diameter (AMMD) in the range of between about 20/im 
and about 80/zm, preferably with an AMMD in the range of between about 40/xm and 
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about 50/im, and with an approximate drug loading of 10% and an ICAM-1 recovery 
rate of greater than about 80%. 

Referring to FIGURE 4 of the drawings, a preferred embodiment of the 
system of the invention generally includes a mixing block having first and second 
5 axially connected, cylindrical mixing chambers disposed therein. The diameter of the 
second chamber is preferably somewhat larger than that of the first chamber. A first 
stream of drug/polymer solution is introduced axially into the first chamber through a 
first longitudinal, axial port located in the end wall of the first chamber distant from 
the second chamber. A second stream of emulsifier is introduced into the first 

10 chamber through a second port, positioned adjacent the same end of the first chamber 
as the first port for injecting the second stream substantially orthogonal to and off-set 
from the first stream. Preferably the second port is positioned for injecting the 
second stream tangentially to the cylindrical wall of the first chamber. The end of 
the second cylindrical chamber opposite the first chamber is open so that liquid can 

IS exit the second chamber smoothly, without eddy effects. 

The flow rates of the first and second streams and the dimensions of the first 
and second chambers are such that both chambers fill with the injected liquids. Thus, 
the injected liquids flow from the first and second ports through the first and second 
chambers and out a third port formed by the open end of the second chamber. The 

20 emulsifier stream injected tangentially through the second port also has an axial 

velocity component from the liquid flow through the chambers, thereby resulting in a 
generally helical path. This results in a controlled turbulence within the first chamber 
sufficient to create an emulsion of droplets formed by the drug/polymer solution 
contacting the emulsifier upon entering the first chamber, but without significantly 

25 reducing the size of the initially formed droplets. 

In the second chamber the droplets are cross-linked by a cross-linking agent 
that is introduced via a fourth port positioned such that a stream of cross-linking 
solution including the cross-linking agent is injected into the second chamber 
orthogonal to and off-set from the longitudinal axis of the second chamber. 

30 Preferably, the fourth port is positioned for injecting the cross linking stream 

tangentially to the cylindrical wall of the second chamber for creating a turbulent 
helical flow of the cross linking agent. 
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Several parameters potentially affect the success of such a system. For 
example, solvent properties, sue* as polarity and hydrophilicity, have a potential 
impact on miscibility, drug loading, and interaction with the aqueous emulsion. Flow 
rates into the mixing chambers of the system have a potential affect cm the mixing 
5 characteristics and turbulence within the mixing block, which in turn affects 
microparticle size, size distribution of the microparticles, and the likelihood of 
clumping within the mixing chambers. Concentration of the cross-linking agent has a 
potential affect on the speed and thoroughness of the cross-linking process. Washing 
and filtering processes have a potential affect on drug leaching, small particle loss, 
10 and microparticle agglomeration. 

As used herein, the following abbreviations and terms include, but are not 
necessarily limited to, the following definitions: 

"ICAM-1" shall mean intercellular adhesion molecule ICAM-1, and is used to 
denote both full length (trans-membrane) and truncated (non-transmembrane) forms of 
IS ICAM-1, specific biologically active fragments, and functional analogs combinations 
and derivatives thereof, and including specifically t-ICAM-453. 

"LVCR" shall mean low viscosity sodium alginate. 

"Microparticle M shall mean a small, substantially solid agglomeration of a 
target drug and a polymer that have an AMMD of between about 20pm and about 
20 80pm, and that are consistent in size and drug distribution and with controlled 
degradation properties. 

"Reynolds number" is a dimensionless number which is significant in the 

design of a model of any system in which the effect of viscosity is important in 

controlling the velocities or the flow pattern of a fluid, as expressed by the formula: 

25 DYL 

M 

wherein D equals the density of a fluid, V equals the velocity of the fluid, L equals 
the diameter of the port or chamber through which the fluid is moving, and p equals 
the fluid viscosity. 

30 "Alginate" shall mean a family of copolymers containing 1,4-linked B-D- 

mannuronic and a-L-guluronic acid residues in varying proportions and sequential 
arrangement. 
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"Drug" shall mean any substance intended for use in the diagnosis, cure, 
mitigation, treatment or prevention f disease, including any pharmacologically active 
proteins and peptides, and including small molecules, hormones, polypeptides, 
vaccines, and components thereof. 
5 "Emulsion" shall mean the result of the combination of two immiscible 

liquids, such as ethyl acetate and LVCR, where one liquid is dispersed as small 
droplets in the other liquid. 

The embodiment of the system of the invention illustrated in cross-section in 
FIGURE 1, is a semi-continuous flow system including a mixing block (100) having 
10 axially connected cylindrical mixing chambers (102, 108) and ports (104, 106, 110) 
formed therein. As shown in FIGURE 1, the mixing block (100) includes a first 
mixing block (132) with a first mixing chamber (102) therein, and a second mixing 
block (134) with a second mixing chamber (108) therein. The second mixing 
chamber (108) includes a plurality of passageways (110, 113) for passing the 
15 emulsion and a cross-linking solution therethrough. The two blocks (132, 134) may 
be separate blocks that are joined via either flexible tubing or a rigid passageway. 
Alternatively, and as discussed below in connection with FIGURE 4, the two mixing 
chambers (102, 108) may be incorporated into a single mixing block. 

In a preferred embodiment, the mixing blocks (132, 134) are formed of a non- 
20 metallic material, such as Teflon™ or Delrin™, both of which are generally 

commercially available. Alternatively, the inner surfaces of the mixing chambers 
(102, 108) may be coated with or formed from a non-stick material, such as Teflon™, 
Delrin™, or another non-wetting synthetic material, since sodium or calcium alginate 
may precipitate on metallic surfaces, which could lead to blockage of one or more of 
25 the ports (104, 106, 110, 113) if they had metal surfaces. For example, when a 

cross-linking solution containing calcium salt in acetone or ethanol comes in contact 
with a polymer in the presence of metal, surface effects from the metal cause 
agglomeration of the microparticles and clogging of the ports. Another alternative 
would be to use a Teflon™ tube insert in the chambers (102, 108, 1 10) and internal 
30 third port (1 13) to reduce the surface effects with metal. 

In one embodiment, the second mixing chamber (108) includes an in-line static 
mixer (112) to increase turbulence in that chamber (108). The mixer (112) may be a 
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helix with abrupt edges that provides a tortuous path for the in-flowing emulsion. 
Other devices may be used to increase the emulsion flow through and/or into the 
second chamber (108) and to increase the turbulence within that chamber (108). 
However, it may be possible to create sufficient turbulence without an additional 
5 mixer apparatus by adjusting the flow rates of the streams through the various ports 
(104, 106, 110, 113). 

The mixing block (100) may be any size appropriate for commercial scale 
manufacturing. In the illustrated embodiment of FIGURE 4, the solid block (400) is 
manufactured from Delrin™, and measures approximately 7.6 cm by 5 J cm by 5.1 

10 cm. In that embodiment, the diameter of the front chamber (404) is 0.32 cm (0. 125 
in.), and the diameter of the wider chamber (406) is 0.48 cm (0.19 in.). The total 
interior length of the chamber (402) is about 8.4 cm (3.5 inches). Other sizes may 
be used, as desired, with appropriate parameter adjustments. In that illustrated 
embodiment, the mixing block (400) has a single mixing chamber (402), with a first 

15 "panhandle" segment (404) and a larger segment (406). The arrows indicate the 
direction of stream flows into and out of the chamber (402). The total length of the 
mixing block (400) is about 5.1 cm, and the narrow segment of mixing chamber 
(404) is about 0.32 cm in diameter, widening to about 0.48 cm in diameter in the 
larger segment (406). 

20 Basically, a first port (104) lies along the horizontal axis of the block (100). 

A drug/polymer solution, discussed in further detail below, is introduced at a 
predetermined flow rate through first port (104) and into the first mixing chamber 
(102). A second port (106) is positioned essentially orthogonal to the interior wall of 
the first chamber (102) and off-set from the line of the stream flowing from the first 

25 port (104). An emulsifier is introduced at a predetermined flow rate through this port 
(106) and into the first mixing chamber (102) to form an emulsion with the 
drug/polymer solution within the first mixing chamber (102). In the illustrated 
embodiment of FIGURE 4, both ports (408, 410) have the same inner diameter of 
0.034 cm. 

30 It is possible to vary the inner diameter of one port over the other and adjust 

the relative flow rates of the two components and still achieve microparticles of a 
desired mean diameter. A small change in the inner diameter of one port can affect 
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the turbulence, as expressed by the Reynolds number, and thus affect the size of the 
resulting microparticles. 

The port (412) through which the cross-linking solution is introduced is offset 
from the line of the emulsion stream, and has a slightly larger diameter than the other 
5 two ports, i.e., about 0.16 cm. 

As illustrated in FIGURE 4A } which is enlarged and not drawn to scale, the 
ports each have a normal pipe thread (NPT) fittings (452), such as Swaglok* fittings, 
fitted with tubing (450) leading into the mixing chamber (402). In that illustrated 
example, tubing (450) is secured within an NPT (452) at each of the ports (408, 410, 

10 412). At ports (408, 410), the port diameter preferably is smaller than the inner 
diameter of the tubing so there is no flow disruption of the drug/polymer solution as 
it enters the chamber (402). 

Turbulence created by the respective streams of solution flowing from the 
ports (408, 410) assist in assuring that most of the polymer comes into contact with 

15 the emulsifier. As the emulsion is formed, it moves into the larger area (406), where 
it encounters a stream of cross-linking agent flowing from the tertiary port (412). 
The turbulence generated in that chamber (406) is generated by the cross-linking 
solution stream and the flow of the emulsion from the first chamber (404). The 
resulting microparticles and solvent then are expressed through the exit port (414) of 

20 the larger chamber (406). 

FIGURE 4C, which is enlarged and not drawn to scale, shows the mixing 
chamber (404) in cross-section. In that illustrated embodiment, the first port (408) 
lies along the longitudinal axis and introduces the drug/polymer solution stream into 
the "panhandle" portion (402) of the chamber. The second port (410), through which 

25 an emulsifier is introduced, is aligned such that the outer wall of the second port 

(410) is orthogonal to the inner wall of the chamber (404), to introduce the emulsifier 
stream tangential to the stream of drug/polymer solution. As illustrated, the second 
port (410) is off-set from the alignment of the first port (408). 

The off-set amount of the second port (410) from the first port (408) is 

30 sufficient to generate a turbulence within the chamber at (404) of drug/polymer 

droplets and emulsifier. Most preferably, the respective streams from ports (408) and 
(410) do not intersect The forward motion of the stream from port (408), combined 
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with the tangential motion of the stream from port (410) form a helical pathway 
through the narrower portion (404) of the chamber and into the larger portion (406) 
of the chamber, and ultimately out the exit port of block (414). 

Similarly, and as shown in FIGURE 4B, the third port (412) is positioned 
5 substantially orthogonal to the inner chamber (406) and off-set from the stream of 
emulsion entering the chamber (406). 

The introduction of both the drug/polymer solution and the emulsifier along 
the same axis, i.e., coaxial introduction of the two solutions into the first mixing 
chamber does not produce microparticles of the desired size. The amount of 

10 turbulence established within the first mixing chamber (102) is affected by the 
direction of introduction of the emulsifier and the drug/polymer solution. The 
introduction of the emulsifier stream substantially tangential to the wall of the 
chamber (102) and off-set from the drug/polymer solution stream creates sufficient 
turbulence to produce microparticles of the desired size range. 

15 FIGURE 5 shows an alternate embodiment of a second mixing block (500) 

containing a second mixing chamber (502) for introducing a stream of cross-linking 
agent into emulsion moving from a first mixing chamber (not shown) into die second 
mixing chamber (502) through an inlet port (506). In the illustrated embodiment, a 
standard short tube design is used to introduce the emulsion from the first mixing 

20 chamber (not shown) into the second mixing chamber (502). 

The diameter of the illustrated mixing chamber (502) is about 0.95 cm. The 
port (504) is positioned to introduce the cross-linking agent tangential to the 
cylindrical wall thereof, thereby producing a turbulent helical flow therein. Port 
(504) is not off-set from the port (506) through which the emulsion enters the 

25 chamber. 

FIGURE 6 illustrates an alternate embodiment of a second mixing block (600) 
containing a second mixing chamber (602) into which the cross-linking agent and the 
emulsion are introduced. In that embodiment, an annular mixing tee (604) is used to 
introduce the emulsion from the first mixing chamber (not shown) into the second 
30 mixing chamber (602). 
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The outer diameter of the annular tee (604) is about 0.64 cm, and the inner 
diameter of the mixing chamber (602) is about 0.95 cm. The diameter of the port 
(606) through which the cross-linking agent is introduced is about 0.95 cm. 

In a preferred embodiment, a low molecular weight polymer (LVCR) is used 
5 as the polymer, and ICAM-1 is used as the drug. The LVCR is dissolved in water at 
a concentration of about 1% w/w, and ICAM-1 is added for a final 0.11% w/w 
ICAM-1 concentration. This leads to theoretical ICAM-1 loading in the final product 
of about 5% - 15%, most preferably about 10%. Other percentages of both polymer 
and drug may be used, depending on the flow rates, the specific polymer, and the 

10 specific drug being loaded. The drug/polymer solution also may contain buffer salts 
of the type appropriate for the particular drug. For example, a TRIS or histidine 
buffer may be used in preparing and storing the ICAM-1, thus salts from those 
buffers will be present in the LVCR solution. These buffers also may be added to 
the drug/polymer solution to control the pH and possible degradation of the ICAM-1. 

15 The preferred polymer used for forming the microparticles is sodium alginate, 

commercially available from Merck & Co., Inc. (Kelco Division, U.S.A., Rahway, 
N.J.), and most preferably a low molecular weight sodium alginate. Sodium 
alginates that may be used in practicing the present invention include: Keltone HV™, 
Keltone LV~, Kelgin HV™, Kelgin MV~, Kelgin LV™, Manucol DMF™, Manucol 

20 DH™, Manucol LD™, and Manugel DMB™, all of which are commercially available 
from Merck & Co., Kelco Division, U.S.A. Other alginates are available from 
Kibun Chemical Col or Pronova Biopolymers. 

Other polymers may be used in practicing the present invention that have the 
desired release characteristics for the target drug being released from the 

25 microparticles, or that have desired bioadhesive properties as appropriate for a 
particular drug or delivery system. 

Other polymers that may be used in the drug solution may include sodium 
calcium alginate, potassium alginate, propylene glycol alginates, xanthan gum, and 
gellan gum, hydrophilic cellulose polymers, and natural proteins, and synthetic 

30 polymers, among others. The selection of polymer will depend on the subject drug 
that is being loaded. 
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A drug used in a preferred embodiment of the system of the invention is t- 
ICAM-453, which was supplied by Bayer Corporation, Pittsburgh, PA, as a 1-2% t- 
ICAM-453 solution buffered by TRIS-HCL The drug may initially be presented 
frozen, freeze-dried or in a buffered solution at a concentration appropriate for the 
5 particular drug. The frozen drug samples then are added to the LVCR or other 
appropriate polymer solution. 

In practicing the present invention, and referring to FIGURE 1, the 
drug/polymer solution is pumped into the first mixing chamber (102) via a tube (not 
shown), preferably manufactured from a Teflon™ or other non-metallic material 

10 through the first port (104). The tube is secured within the port (104) at one end, 
and is connected to a flow-control pump (not shown) at the other end. The 
drug/polymer solution is introduced into the first mixing chamber (102) at a 
predetermined flow rate that produces a turbulence within the first chamber sufficient 
to create polymer droplets without significantly reducing the size of the particles. 

IS An emulsifier substantially simultaneously is introduced into the first mixing 

chamber (102) via tubing (not shown) secured within the second port (106) at one aid 
and controlled by a flow-control pump (not shown) at the other end. In a preferred 
embodiment for producing ICAM-1 -loaded microparticles, the emulsifier is ethyl 
acetate, and most preferably a wetted ethyl acetate (about 2.8 - 3%). The emulsifier 

20 preferably is saturated (with water) to prevent the emulsifier from dehydrating the 
water-based solution of the drug and causing a build-up due to phase interactions 
between the emulsifier and the drug/polymer solution. Specifically, when using ethyl 
acetate in an ICAM-1 system, water from the drug/polymer solution is soluble in the 
ethyl acetate at concentrations less than 3%. In that instance, ethyl acetate is 

25 dehydrating the alginate emulsion and producing a highly viscous gel. That problem 
may be solved by pre- wetting the ethyl acetate to a level of about 2.8% or more 
before use. In other embodiments when the drug is not presented in a water-based 
solvent, it may be possible to use other, non-saturated, non-interacting emulsifiers. 
In the ICAM-1 embodiment of the present invention, ethyl acetate is preferred 

30 as the emulsion-forming solvent because it is only partially miscible in water, is fully 
miscible with the cross-linking solvents, discussed in detail below, and is GRAS (i.e., 
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Generally Recognized as Safe) status food grade, has a high purity, and is 
inexpensive. 

In a system using 70/30 acetone/ethanol as the cross-linking solvent and using 
0.5 mM THIS solution concentration in LVCR/ICAM-1 buffered samples results in a 
5 66% theoretical ICAM-1 loading. Using a 10 mM TRIS buffered sample results in 
100% theoretical ICAM-1 loading. The effect of the buffer concentration on ICAM- 
1 loading in a pure ethanol system is not as dramatic. Under identical operating 
conditions, a 0.5 mM TRIS buffer produces 67% ICAM-1 loading and a 10 mM 
TRIS buffer produces 65% ICAM-1 loading. 

10 In practicing the present invention, a buffer solution may initially be passed 

through the port (104) into the first mixing chamber (102) prior to introduction of 
either the drug/polymer solution or the emulsifier to pre-fill the mixing chamber and 
to prime the pumps associated with the system. When both the solution and the 
emulsifier are simultaneously introduced into the first mixing chamber (102) via the 

15 two ports (104, 106), an emulsion is formed. The turbulence created within the first 
mixing block (102) by the countervailing streams of solutions entering the first 
mixing block (102) breaks up the minor liquid Cue., the LVCR) into individual 
droplets. The size of the droplets depends on the amount of turbulence in the 
chamber and properties of both liquids, which is related to the Reynolds number of 

20 the system at the chamber. The higher the Reynolds number, the smaller the 

microparticle size. In addition, the more viscous the two solutions, the more difficult 
it is to create turbulence. 

Once the microparticles are formed in the first mixing chamber (102), they 
flow into a second mixing chamber (108). The second mixing chamber (108) 

25 preferably is adjacent to the first mixing block (102), to facilitate flow of the 
emulsion containing die microparticles. In a preferred embodiment, the second 
mixing chamber (108) is contiguous with the first mixing chamber (102), as 
illustrated in FIGURE 1. 

If the second mixing chamber (108) is not contiguous with the first mixing 

30 chamber (102), then the emulsion may be transferred from the first mixing chamber 
(102) into an enlarged second mixing chamber that contains an amount of a cross- 
linking agent. In such embodiment, the cross-linking occurs essentially 

15 
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simultaneously, i.e., less than about 2 seconds; however, residence time in the 
chamber may extend from a few hours to a few days, depending on the microparticle 
composition and the cross-linking agent to further dehydrate the microparticles. 
If the second mixing chamber (108) is contiguous with the first mixing 
5 chamber (102), as illustrated in FIGURE 1, the emulsion is transferred directly from 
the first mixing chamber (102) into the second mixing chamber (108). As the 
emulsion enters the chamber (108) via the third port (113), a stream of cross-linking 
agent solution is introduced at a predetermined flow rate into the second mixing 
chamber (108) via a fourth port (110). In a preferred embodiment, the fourth port 

10 (110) is perpendicular to the longitudinal axis of the mixing chamber (108) and off-set 
from the line of the emulsion stream, for introducing the cross-linking stream 
essentially tangential to the flow of the emulsion. 

An important parameter in successfully manufacturing microparticles having 
the desired mean diameter and drug loading properties is the flow rate of the 

15 solutions introduced into the mixing chambers. In the system described in Example 1 
for producing ICAM-1 loaded alginate microparticles, the drug/polymer solution flow 
rate into the first mixing chamber is between about 5 and 10 mL/min, and the 
emulsifier is introduced into the first mixing chamber at a flow rate of between about 
50 and 80 mL/min. A series of runs using a 1 % w/w LVCR solution, pre-wetted 

20 ethyl acetate, and a calcium chloride cross-linking agent were performed using the 

system of FIGURE 1. After collection and drying, each sample was sieved through a 
250/xm screen to segregate the larger particles from the bulk as an indicator of the 
amount of agglomeration occurring. The following Table 1 identifies the percent 
crushed product of less than 250 microns recovered. 

25 
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TABLE 1 
Cross-Linking 







LVCR 


EtOAc 


Flowrtte 


% Crushed 








Blrai/witft 

nuwnuo 


1 1411 II J 




5 


Number 


(mUtmn) 


fmL/min) 




Less Than 250 urn 




1 


10 


50 


70 


95 




2 


10 


30 


70 


0 




3 


10 


80 


70 


84 




4 


15.3 


50 


70 


92 


10 


5 


15.3 


30 


70 


Flaky product 




6 


15.3 


80 


70 


41 




7 


24 


60 


70 


90 




8 


24 


80 


70 


71 




9 


37 


50 


70 


74 


15 


10 


37 


80 


70 


31 




11 


25 


60 


40 


66 



Further analysis of particles having a size less than 250 microns were 
performed using both Malvern and Horiba size analysis. Malvern sizing is a known 

20 sizing technique based on laser diffraction principles using a Malvern 2600c droplet 
and particle sizer, available from Malvern Instruments Co., Inc., (Southborough, 
MA). Horiba analysis is a known sizing technique based on particle sedimentation 
techniques and is performed using a Horiba CAPA-700 particle size distribution 
analyzer, available from Horiba Instruments, Inc. (Irvine, CA). Particle sizing is 

25 based on aerodynamic properties of the particles, and results are reported as 
aerodynamic mass median diameter (AMMD) and percent of particles in 
representative size ranges. The following Table 2 presents the results of those 
analyses for selected samples from Table 1. 
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TABLE 2 

Particle Sizinp 



5 






Horiba 






Malvern 






Sample 


Median 


% 




Median 


% 


% 










<10 am 


(am) 


<100 urn 


<10^m 




1 


46.3 


86.4 


1.9 


48.2 


94.7 


0.9 




3 


58.6 


73.7 


1.3 


65.4 


86.2 


0.5 


10 


7 


61.1 


76.7 


1.0 


54.0 


94.1 


0.6 



Preferably, the flow rate of the cross-linking agent is as low as possible to 
create enough turbulence within the second mixing chamber (108) to mix the 
microparticles with the cross-linking agent without generating excess turbulence to 

15 reduce the size of the particles. In a preferred embodiment, a 1 % w/w LVCR with 
ICAM-1 is introduced into the first mixing chamber at a flow rate of about 5 
mL/min. Pre-wetted (2.8% water) ethyl acetate is introduced into the first mixing 
chamber at a flow rate of about 83 mL/min. 

The cross-linking agent may be any agent that reacts with the emulsifier to 

20 solidify the microparticles. In a preferred embodiment, calcium chloride is used as 
the cross-linking agent when aqueous sodium alginate is used to form the emulsion. 
Other calcium salts can be used, so long as they are soluble in the solvent or solvent 
mixture. In the cross-linking process, sodium in sodium alginate is replaced by 
calcium, making a non-water soluble calcium alginate microparticle loaded with 

25 ICAM-1. In that embodiment, the calcium salt is dissolved in an amount of a 
dehydrating solvent, such as acetone and ethyl alcohol which dehydrates the 
microparticles. Preferably the cross-linking solution includes an 0.8% CaCl 2 in 60% 
acetone and 40% ethanol. 

In the ICAM-1 /LVCR embodiment, calcium chloride is present in sufficient 

30 stoichiometric excess to completely cross-link die sodium alginate in the LVGR 
solution without producing a calcium chloride precipitate in the final product In 
addition, if the calcium chloride concentrations are too high, an excessive amount of 
cross-linking results, preventing the formation of individual microparticles. The final 
product then is either a continuous matrix of cross-linked material or large (i.e., 1-2 

35 mm) non-spherical particles. 
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Solvents that may be used with the cross-linking agent include acetone, which 
does not degrade ICAM-1 as readily as other solvents, such as isopropyl alcohol. 
Different solvents may be used in conjunction with ther drugs, and may depend at 
least in part on the solubility of the subject drug. Each solvent has its advantages and 

5 disadvantages. Acetone readily dehydrates the cross-linked microparticles but does 
not dissolve calcium chloride. Ethanol is easily miscible with other solvents in the 
present system, and readily dissolves calcium chloride, but may result in lower drug 
loadings, for example when used in an ICAM-1 loading system, if the drug is soluble 
in ethanol. The use of isopropyl alcohol may result in a quick drying product that 

10 handles well, but may result in low drug loading. Using an acetone/ethanol 

combination, such as 85/15, 70/30, or 65/35, may lead to high loadings but have an 
increased production cost due to the use of two solvents. 

Solvents are selected for their cost, suitability to the process, and existing 
common use in the pharmaceutical industry. Acetone may be mixed with ethanol 

15 rather than water, because water is mostly immiscible with the other process solvents 
and separates out in the final effluent. Such a phase separation is undesirable for 
ICAM-1 loaded microparticles because of the potential loss of ICAM-1 to the 
aqueous phase, agglomeration of the product, and incomplete dehydration. An 
amount of ethanol sufficient both to dissolve the calcium chloride and to prevent a 

20 two-phase mixture in the effluent is preferred. 

An important factor in determining the success of the present system and 
method is the loading and yield of drug in the microparticles. For ICAM-1, the 
desired yield is greater than 80% . Losses in the overall yield include ICAM-1 lost in 
the process filtrate and the rinse filtrate, losses due to the de-activation of the ICAM- 

25 1, and losses in the microparticie fraction outside the desired microparticlc size 
range. 

ICAM-1 loading measurements may be determined by leaching the ICAM-1 
from the microparticles or by dissolving the microparticles completely and analyzing 
the concentration by high pressure liquid chromatography (HPLC) or nephelometry, 
30 or by other methods that are or may become recognized in the relevant art. 

Cross-linking solvents ethanol, 85/15 acetone/ethanol, 70/30 acetone/ethanol, 
65/35 acetone/ethanol, and isopropanol may be used for an ICAM-1 /sodium alginate 
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10 



15 



system as described herein. The following Table 5 shows results obtained from runs 
using isopropanol, 70/30 acetone/ethanol, and etbanol as cross-linking agent solvents. 
Table 5 shows the fraction of particles less than 100/xm and the overall ICAM-1 
yield, calculated by multiplying the fraction of ICAM-1 loading by the fraction of 
particles less than 100pm. 

As down in Table 5, the 70/30 acetone/ethanol system yielded essentially a 
100% loading of 10% ICAM-1, and 82% of the microparticles were less than 100pm 
in diameter. The overall yield, as determined by the dry weight yield times sieving 
yield, was 82% of theoretical. 

TABLE 3 

ICAM-1 Loading for Isopropanol, 70/30 Acetone/Ethanol, 
and Ethanol. Cross-Linking Solution 

% ICAM- % Less % Overall 
Sample Cross-Link Solution 1 Than 100 ICAM-1 

Number Loading am Yield 

1 Isopropanol 58 — — 

20 2 70/30 100 82 82 

Acetone/ethanol 

3 Ethanol 65 98 84 

In practicing the inventive system in a commercial environment, and as 
illustrated in FIGURE 2, the drug/polymer solution, emulsifier, and cross-linking 

25 solutions each initially may be prepared in separate containers (202, 204, 206, 
respectively). Each of the solutions then may be transferred from the containers 
(202, 204, 206), using a control flow pump device (116), through an appropriate pore 
size sterile filter (208), e.g., 0.2 micron, and stored in separate sterile holding tanks 
(212, 214, 216, respectively). A second sterile filtration step may be included prior 

30 to introducing the solutions into the mixing block (100). 

Using control flow pump devices (116), or a single control flow pump 
apparatus that has several inputs and outputs that allow separate flow rates for each 
solution, the solutions are pumped from the sterile holding tanks (212, 214, 216) and 
into the mixing block (100) via appropriate ports. Flexible tubing may be used to 

35 transfer the solutions from each container into the mixing block (100). 
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It may be preferable to prime the in-flow pump devices (116) with a buffer 
solution for each of the solutions being introduced into the mixing block (100). In- 
flow of the drug/polymer solution entering into the first mixing chamber (102) may 
begin prior to or after in-flow begins for the emulsifier. In certain circumstances it 
5 may increase the cost-effectiveness of the process to reduce the amount of wasted 
drug introduced into the mixing block (100) by initiating introducing the emulsifier 
into the first mixing chamber (102) prior to introducing the drug/polymer solution. 

The flowchart of FIGURE 3 outlines a preferred method of practicing the 
present invention. The drug/polymer solution is introduced (302) into the first 

10 mixing chamber (102) preferably simultaneous with the introduction (304) of the 
emulsifier into die first mixing chamber (102), thus forming (306) an emulsion 
containing the microparticles and solvent. The emulsion then is transferred (308) into 
the second mixing chamber (108), at which time the cross-linking agent is introduced 
(310) into the chamber (108). 

IS The length of time the emulsion remains in the first chamber and the cross- 

linked solution remains in the second chamber are a function of the flow-rates for the 
individual streams flowing into the respective chambers. Because both the formation 
of the microparticles and the cross-linking occur substantially instantaneously, i.e., in 
less than about 2 seconds, there is no requisite incubation period required in either 

20 chamber. 

As the mixture of microparticles and cross-linking solvent exit the mixing 
block (100), the mixture is filtered (312) through a filter or sieve (218) that catches 
microparticles above a predetermined minimum range. In a preferred embodiment, 
microparticles containing ICAM-1 are filtered via a standard, commercial filter 
25 material. The filter may retrieve particles having a diameter of greater than about 
20/zm, with microparticles of less than about 20^m being washed out, possibly into a 
waste retrieval container (118). Alternatively, the filter (218) initially may filter out 
particles that are greater than, e.g., 200/tm, with a subsequent filtration to remove the 
smaller particles. 

30 The particles in filter (218) then are subjected to a first wash (314). In one 

embodiment, and as shown in FIGURE 2, the first wash step (314) involves using a 
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control flow pump (116) to transport first wash solution from a container (224), 
through a sterile filter (208) and into a receptacle (226). 

The first wash solution may be any dehydrating solution, such as an acetone, 
an alcohol, or a combination of both. A first wash of about 10% ethanol and about 
5 90% acetone, or 90% isopropanol, or 90% ethyl acetate is preferred. Although some 
solutions may dehydrate the particular microparticle quickly and thoroughly, it is 
possible that some solutions may affect the efficacy of the drug loaded in the 
microparticles of interest. The first wash step (314) is intended to remove excess 
cross-linking agent, e.g., calcium chloride, without precipitation. The first wash step 

10 (314) also is intended to remove excess emulsifier, i.e., ethyl acetate. 

Following the first wash step (314), preferably a second wash step (316) is 
performed in a similar fashion as the first wash step (314). That is, as shown in 
FIGURE 2, a second wash solution is transferred via a flow-control pump device 
(116) from a container (228), through a sterile filter (208) and into a receptacle (230). 

IS The second wash step (316) may be performed using the same solutions as in the first 
wash step (314), or a variation. The solutions used in the second wash step (316) 
should also dehydrate the microparticles, thus such solutions may include neat 
acetone, isopropanol, or ethyl acetate, among others. The second wash step (316) is 
intended to remove the residue of the first wash solutions. Thus, a preferred second 

20 wash solution may be 100% acetone. 

The microparticles may be recovered (232) using several methods known in 
the art. In a direct collection method, the sample is collected directly onto a Buchner 
funnel filter or other filter that can be used for commercial production. The filtrate is 
pulled through the filter via applied suction, and a cake of microparticles builds up as 

25 the product is collected on the filter. 

Another collection method involves collecting the exit stream (i.e., 
microparticles and solvents) in a container, allowing the product to stand for a 
specified period of time (e.g., 0-48 hours), and then filtering the sample. The 
contact time of the microparticles to the solvent may potentially leach the drug or 

30 protein from the microparticles, but may provide additional dehydration of the 

microparticles when the solvent system used is one that has a high affinity for water. 
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The filter cake remaining n the filter after the second wash step (316) then 
may be collected and placed in a receptacle for a drying step (318). Preferably, the 
filtered substance is placed in a vacuum drying oven for an extended period of time, 
i.e., at about 50°C for more than 8 hours. The amount of time, temperature, and 
5 vacuum depend on the specific composition of the microparticles and the production 
volume. However, the microparticles may rehydrate and regain as much as 5% - 
10% of their weight by exposure to humid room air. 

As a final step, the dried particles may lightly be deaggregated (320), for 
example with a mortar and pestle system or any similar system adapted for 

10 commercial use, to a fine powder-like end-product and, if necessary, sieved to 
provide the desired size distribution. A desired end product of the process is an 
amount of non-agglomerated microparticles within the desired mean diameter range, 
and having a drug loading within the desired range. 

The microparticle product may then be formulated, using standard 

IS formulations known and available to those skilled in the relevant art, for a nasal drug 
delivery device. The drug-loaded microparticles produced in accordance with the 
present invention have the properties of adhering to the nasal passageway, and 
gradually releasing the drug contained therewithin into the circulatory system of the 
recipient patient. The alginate in the microparticle interacts with the mucosa 

20 contained in the nasal passageway to become a gel-like substance which adheres to 
the surface of the nasal passageway as the drug is released. 

In a preferred embodiment of a commercial scale manufacturing process using 
the present invention, the following quantities of components may be used for a 250 
gram production run: about 35 grams of ICAM-1, about 70 liters of acetone, about 

25 50 liters of ethanol, and about 120 liters of ethyl acetate for the process. The 

associated washing steps may require about 12 liters of acetone and about 1 liter of 
ethanol. Several mixing blocks of the type shown in FIGURE 4 may be run in 
parallel to achieve a desired production run. Alternatively, various combinations of 
systems running in parallel also may operate for commercial production of ICAM-1- 

30 loaded calcium alginate microparticles. 

The following non-limiting examples are representative embodiments of the 
inventive system and process described above. 
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EXAMPLES 
Example 1 

In this example, the effluent is 1% w/w LVCR and 0.11% ICAM-1, the 
5 emulsifier is pre-wetted (2.8% water) ethyl acetate, and the cross-linking solution is 
0*8% calcium chloride in ethanol. For LVCR loaded with ICAM-1, the desired 
particle mean diameter range is between about 20/tm and 80/xm, most preferably with 
a median between about 40/xm and 50/im. The desired ICAM-1 loading is about 
10%, and the target recovery is about 80% to about 100%. 
10 Using the mixing block shown in FIGURE 4, the LVCR stream flow rate is 

varied from 15 to 45 milliliters per minute (mL/min) and the ethyl acetate stream 
flow rate is varied from 61 to 106 mL/min. Table 3 presents representative sample 
data obtained using these parameters. 

15 TABLE 4 



Flows mL/min Malvern Particle Sizing 





Sample 
Number 




EtOAc 


Cross- 
Linking 


Median 
(pm) 


% Less 
Than 
104 urn 


$ Less 
Than 
8.8 am 


20 


1 


15 


61 


70 


88.4 


63.8 


0.3 




2 


22 


68 


70 


95.0 


58.8 


0.3 




3 


28 


73 


70 


100.6 


53.4 


0.2 



Example % 

25 A series of tests were run to determine whether the diameter of the port used 

for introducing the effluent stream into the first mixing chamber had any effect on the 

size and distribution of the produced microparticles. 

The tests were run using the system illustrated in FIGURE 4, and a 1% w/w 

LVCR solution. The inner diameter of the LVCR port was increased from 0.034 cm 
30 to 0.069 cm, and the flow rates of the LVCR solution and the ethyl acetate solutions 

were varied. The flow rate of the cross-linking agent was maintained as a constant. 

The results of such tests are shown in the following Table 4: 
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pxamplg $ 

In this example, samples that had initially been dried for 12 hours or 3 days in 
a vacuum oven were iedried in the oven for an additional 4 hours or 10 hours, 
respectively. After initial drying, they were weighed, allowed to equilibrate to room 
5 conditions and weighed again. The following Table 7 shows the results of these 
drying studies. 

TABLE 7 



10 Loss on Second Drying 





Sample 
Number 


Initial 
Drying 
Time 


rH% 
During 
Initial 
Weighing 


Second 
Drying 
Time 


rH% 
During 
Second 
Weighing 


% Mass 
Lost on 
Second 
Drvinff 


% Mass Loss 
After Allow- 
ing to Come to 
Eouilibrium 


15 


1 


12 h 


48 


4b 


N/A 


13.2 






2 


12 fa 


48 


4h 


N/A 


12.9 






3 


12 h 


48 


4h 


N/A 


8.8 






4 


3 days 


30 


10 h 


33 


3.1 


-2.5 




5 


3 days 


30 


10 h 


33 


-O.l 


-7.4 


20 


6 


3 days 


30 


10 h 


33 


28.7 


20.5 



Samples that initially were dried for 12 hours lost about 10% water upon 
drying. However, these samples initially had been processed under humid conditions 
(i.e., 48% rH) and could have lost only the water gained during processing. Samples 
dried initially for 3 days showed variable results. In some instances, essentially no 
25 water loss was observed following a second drying. However, in other instances, 
substantial weight loss was detected following a second drying. In all samples, the 
microparticles gained weight after reaching equilibrium at room conditions. 

While the present invention has been described in terms of specific methods 
and compositions, it is understood that variations and modifications will occur to 
30 those skilled in the art upon consideration of the present invention. 

For example, it is anticipated that smaller protein fragments and peptides 
derived from ICAM-1 that still contain the virus-binding site would be effective for 
encapsulation and delivery as described herein. 

Although the preferred form of the present invention is described in terms of 
35 t-ICAM-453 in an alginate microparticle, it is anticipated that other proteins and 
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being less than lOjim. Thus, particles having the desired median diameter size range 
of 40j*m to 50/im was achieved for non-loaded LVCR. 

Example 4 

5 A set of 50 gram bulk runs were made using LVCR both with and without 

ICAM-1 to test the longevity of the inventive system during a run. In this example, 
wet (2.8% water) ethyl acetate was used as the emulsifier and 1% w/w LVCR were 
used. The set flow rate for the LVCR stream was 15.5 mL/min, and the set flow 
rate for the ethyl acetate and cross-linking solution streams was 70 mUmin. The 

10 LVCR solution was buffered with either 10 mM histidine or 10 mM TRIS and, when 
ICAM-1 was used, the LVCR solution also contained 2.3% (w/v) of 10% ICAM-1 
by weight. 

The results of these runs are summarized in Table 6 below. 



15 






TABLE 6 








Sample 
Number 


Buffer 


Cross-linking 
Solution 


% Theoretical 
ICAM-1 
Loading 


wt% Product 
< 100 um 




1 


TRIS, lOmM 


70/30 

Acetone/EtOH 


91 


92 




2 


Histidine, lOmM 


70/30 

Acetone/EtOH 


81 


94 


20 


3 


Histidine, lOmM 


65/35 

Acetone/EtOH 


78 


98 




4 


Histidine, lOmM 


65/35 

Acetone/EtOH 


67 


86 




5 


Histidine, lOmM 


60/40 

Acetone/EtOH 


86 


77 




6 


Histidine, lOmM 


60/40 

Acetone/EtOH 


93 


50 




7 


Histidine, lOmM 


60/40 

Acetone/EtOH 


No ICAM 


92 


25 


8 


Histidine, lOmM 


60/40 

Acetone/EtOH 


NoICAM 


76 



As shown in that Table 6, the ICAM-1 loading in the histidine samples is in 
the same range as that of the TRIS sample. The other entries show that as the ratio 
of acetone to ethanol changes, the loading still remained about 80% theoretical. The 
30 ICAM-1 loading of the samples was reproducibly above 75% of theoretical loading. 
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TABLE 5 

Operating Conditions and Sieving Results 







LVL.K rioie 




Flows mL/min 


re juess 


at Tmc 




Sample 


Diameter 






Cross- 


Than 


Than 




Number 


(Inches) 


LVCR 


EtOAc 


Unking 


100 m 


250 H m 




1 


0.0135 


28 


89 


70 


27.9 


40.2 




2 


0.0135 


28 


72 


70 


49.5 


74.6 


10 


3 


0.0135 


31 


72 


70 


17.9 


64.0 




4 


0.0135 


29 


72 


70 


31.3 


74.4 




5 


0.027 


28 


72 


70 


16.9 


40.2 




6 


0.027 


31 


72 


70 


34.8 


50.4 




7 


0.027 


31 


56 


70 


17.8 


46.5 


15 


8 


0.0135 


14 


62 


70 


49.5 


95.7 




9 


0.0135 


28 


72 


70 


46.7 


85.3 



The results in Table 4 show that in all instances, over 15% of the particles 
were greater than 100/xm, and in some cases nearly 50% of the particles were over 
20 100/im in diameter. The results indicate that the particle size is not solely dependent 
on the LVCR port diameter. Other parameters, such as inner diameter of the mixing 
chamber, flow rate, and internal turbulence, may be additional factors affecting 
particle size. 

25 Example 3 

Isopropyl alcohol was used as the cross-linking solvent for an ICAM-1/LVCR 
solution. Data indicate that microparticles produced using isopropyl alcohol as the 
cross-linking solvent dry more quickly and handle better than microparticles produced 
using acetone or other alcohols. 

30 In this example, a LVCR flow rate of 14 mL/min and an ethyl acetate flow 

rate of 65 mL/min were used in the block of FIGURE 4. Using unloaded polymer 
solutions, it was possible to produce 45 grams of unloaded microparticles in under 5 
hours (i.e., a rate of 0.16 g/min). Of the 45 grams collected, 37.2 grams, i.e., 83%, 
were smaller than lOOpm. 

35 Particle sizing on a Horiba apparatus of the particles sieved through a 100pm 

screen produced a median size of 47pm, with 89% being less than lOOpm and 4.4% 
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polypeptides may be suitable for loading in an alginate microparticle, and that ICAM- 
1 may be used in conjunction with a material other than alginate. It is anticipated 
that the general method and system of the invention for producing ICAM-1 loaded 
microparticles can be used to prepare other microparticles loaded with numerous 
5 other drugs. 

Numerous modifications and variations in the invention as described in the 
above illustrative examples are expected to occur to those skilled in the art and 
consequently only such limitations as appear in the appended claims should be placed 
thereon. 

10 Accordingly, it is intended in the appended claims to cover all such equivalent 

variations which come within the scope of the invention as claimed. 
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What is claimed is: 

L A system for forming microparticles loaded with a drug, comprising: 

A. a first mixing chamber, including: 

a first port for introducing a first stream of a first solution comprising 
5 a predetermined amount of said drug and microparticle-forming polymer into said 
first mixing chamber; and 

a second port for introducing a second stream of an emulsifier into said 
first stream, to form an emulsion in said first mixing chamber; and 

B. a second mixing chamber, adjacent to said first mixing chamber, 
10 including a third port for introducing a cross-linking solution, said cross-linking 

solution containing a predetermined amount of a cross-linking agent in a cross-linking 
solvent, into said second mixing chamber. 

2, The system of Claim 1, wherein said second stream is substantially tangential 
15 to said first stream. 

3. The system of Claim 2, wherein said second stream is off-set from said first 
stream. 

20 4. The system of Claim 1, wherein at least one of said first and said second 
mixing chambers is a non-metal material. 

5. The system of Claim 1, wherein said drug is one from the group consisting of: 
intercellular adhesion molecule ICAM-1; one or more functional domains of ICAM-1; 

25 one or more biologically active ICAM-1 fragments; analogs of said biologically active 
ICAM-1 fragments; combinations and functional derivatives thereof; proteins; 
peptides; vaccines and water soluble drugs. 

6. The system of Claim 1, wherein said polymer is an alginate. 

30 
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7. The system of Claim 6, wherein said alginate is one from the group of 
alginates consisting of: sodium alginate; sodium calcium alginate; potassium alginate; 
and propylene glycol alginate. 

5 8. The system of Claim 1, wherein said emulsifier is one from the group 
consisting of: ethyl acetate and hexane. 

9. The system of Claim 8, wherein said emulsifier comprises ethyl acetate pre- 
wetted with water. 

10 

10. The system of Claim 1, wherein said cross-linking agent is calcium chloride. 

11. The system of Claim 1, wherein said cross-linking solvent is one from the 
group consisting of: isopropyl alcohol, ethanol, acetone/ethanol mixtures. 

15 

12. The system of Claim 1, wherein said first mixing chamber is contiguous with 
said second mixing chamber. 

13. The system of Claim 1, wherein said drug is ICAM-1, said polymer comprises 
20 sodium alginate, said emulsifier comprises pre-wetted ethyl acetate, said cross-linking 

agent comprises calcium chloride and said cross-linking solvent comprises an 
ethanol/acetone mixture. 

14. A method for producing drug-loaded microparticles, comprising the steps of: 
25 A. introducing a first stream of a first solution, comprising an alginate and 

the drug, at a predetermined flow rate into a first mixing block to form alginate 
droplets containing the drug; 

B. introducing a second stream of an emulsifier at a predetermined flow 
rate into said first mixing block; 
30 C. forming an emulsion of said alginate droplets and said emulsifier in 

said first mixing block; 
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D. transporting a third stream of said emulsion from said first mixing 
block and into a second mixing block; and 

E. introducing a cross-linking agent at a predetermined rate into said 
second mixing block to form microparticles of alginate containing said drug. 

15. The method of Claim 14, wherein said step of introducing a second stream 
further comprises introducing said second stream into said first mixing block 
substantially tangential to said first stream. 

16. The method of Claim 15, further comprising introducing said second stream 
into said first mixing block off-set from said first stream. 

17. The method of Claim 14, wherein said step of introducing a cross-linking 
agent further comprises introducing said cross-linking agent substantially tangential to 
said third stream and into said second mixing block. 

18. The method of Claim 14, wherein said drug comprises one from the group 
consisting of: intracellular adhesion molecule ICAM-1, one or more biologically 
active fragments of ICAM-1, one or more functional domaine of ICAM-1, analogs of 
said biologically active ICAM-1 fragments, combinations and derivatives thereof. 

19. The method of Claim 14, wherein said alginate is one from the group of 
alginates consisting of: sodium alginate; sodium calcium alginate; potassium alginate; 
and propylene glycol alginate. 

20. The method of Claim 19, wherein the alginate is sodium alginate. 

21. The method of Claim 19, wherein said emulsifier is one from the group of 
solvents consisting of: ethyl acetate and hexane. 
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22. The method of Claim 19, further comprising the step of, after the step of 
cross-linking, rinsing said microparticles with a rinsing solution to substantially 
dehydrate said microparticles. 

5 23. The method of Claim 22, wherein said rinsing solution is one from the group 
consisting of: ethyl acetate; isopropanol; acetone; ethanol; and mixtures thereof. 

24. The method of Claim 14, wherein said drug is ICAM-1, said alginate is 
sodium alginate, said emulsifier comprises ethyl acetate pre-wetted with water, and 

10 said cross-linking agent comprises a calcium chloride. 

25. A method for producing drug-loaded microparticles, comprising the steps of: 

A. introducing a first stream, comprising an alginate and the drug, at a 
predetermined flow rate into a first mixing block to form alginate droplets containing 

15 the drug; 

B. introducing a second stream of an emulsifier at a predetermined flow 
rate into said first mixing block; 

C. forming an emulsion of said alginate droplets and said emulsifier in 
said first mixing block; and 

20 D. transporting said emulsion from said first mixing chamber and into a 

container that contains an amount of a cross-linking agent. 

26. The method of Claim 25, wherein the step of introducing said second stream 
further comprises introducing said second stream substantially tangential to said first 

25 stream. 

27. The method of Claim 25, further comprising incubating said emulsion in said 
cross-linking agent for an amount of time sufficient to form solid ones of said drug- 
loaded microparticles. 

30 
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28. The method of Claim 27, wherein said drug is ICAM-1, said alginate is 
sodium alginate, said emulsifier comprises ethyl acetate pre-wetted with water, and 
said cross-linking agent comprises a calcium chloride. 
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AMENDED CLAIMS 

[received by the International Bureau on 20 November 1996 (20.11.96); 

new claims 29-34 added; 
remaining claims unchanged (2 pages)] 

28. The method of Claim 27, wherein said drug is ICAM-1 , said alginate is sodium 
alginate, said emulsifier comprises ethyl acetate pre-wetted with water, and said cross- 
linking agent comprises a calcium chloride. 

5 

29. An intercellular adhesion molecule ICAM-1 composition consisting essentially of 

A. intercellular adhesion molecule ICAM-1 , one or more functional domains of 
ICAM-1 , one or more biologically active ICAM-1 fragments, analogs of said biologically 
active ICAM-1 fragments, or combinations and functional derivatives thereof; and 

10 B. cross-linked alginate. 

30. The use of intercellular adhesion molecule ICAM-1 , one or more functional domains 
of ICAM-1, one or more biologically active ICAM-1 fragments, analogs of said biologically 
active ICAM-1 fragments, or combinations and functional derivatives thereof in a 

15 pharmaceutical formulation to complex with rhinovirus and prevent rhinovirus binding to 
human nasal membranes. 

31 . Microparticles, substantially all of whose diameters are less than 1 00 ^m, said 
microparticles containing 

20 A. intercellular adhesion molecule ICAM-1 , one or more functional domains of 

ICAM-1, one or more biologically active ICAM-1 fragments, analogs of said biologically 
active ICAM-1 fragments, or combinations and functional derivatives thereof one or more; 
and 

B. non-starch polymer, 

25 

32. The microparticles of claim 31 , wherein the non-starch polymer is sodium alginate 
cross-linked with calcium chloride. 

33. The microparticles of claim 31 , wherein the biologically active ICAM-1 fragment is 
30 t-ICAM-453. 

34. Use of intercellular adhesion molecule ICAM-1 , one or more functional domains of 
ICAM-1, one or more biologically active ICAM-1 fragments, analogs of said biologically 
active ICAM-1 fragments, or combinations and functional derivatives thereof one or more 

35 in the manufacture of a medicament for protection against infection by rhinovirus, said 
medicament being manufactured by 
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A. introducing a first stream comprising an alginate and an above-mentioned 
form of ICAM-1 at a predetermined flow rate into a first mixing block to form 
alginate/ICAM-1 droplets; 

B. introducing a second stream of an emulsifier at a predetermined flow rate 
5 into said first mixing block; 

C. forming an emulsion of said alginate/ICAM-1 droplets and said emulsifier in 
said first mixing block; 

D. transporting said emulsion from said first mixing chamber and into a 
container that contains an amount of a cross-linking agent; 

io E. incubating said emulsion in said cross-linking agent for an amount of time 

sufficient to form solid ones of said ICAM-1 -loaded microparticles; and 

F. rinsing said microparticles with a rinsing solution to substantially dehydrate 
said microparticles. 
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Statement Under Article 19 
The International Search Report, transmitted 02 October 1996, listed one 
document, U.S. Patent No. 5,476,663 (Okada), considered to be relevant in categories Y 
and P (lacking an inventive step and published prior to the international filing date but later 
than the priority date claimed, respectively). The cited document discloses a prolonged 
release microcapsule containing a drug and mannitol or other excipient dispersed in a 
matrix composed of a copolymer of lactic acid and glycolic acid in a particular ratio and 
having an average diameter of 2 to 200 urn. The particles are produced by pouring the 
drug-excipient solution into an oil solution consisting mainly of the copolymer. Mixing the 
two solutions can be accomplished a number of ways and produces a particle average 
diameter from 2 to 200 jim. For each component of the microparticles, the reference 
discloses a plethora of substitutions, including most drugs except ICAM-1. However, there 
is no guidance to the skilled worker on how to pick and choose among the multitude of 
alternatives and certainly no clear suggestion as to how to arrive at the quite different 
microparticle formulation of the instant invention. 

In contrast, the instant invention is a highly controlled system (apparatus) and 
process for making microparticles, wherein the flows of ICAM-1/alginate solution, ethyl 
acetate and subsequently the crosslinking agent are carefully controlled in amount and 
direction to produce particles predominantly under 100 ^m, particles whose range of actual 
diameters was determined to be between 20 and 80 \xm. No lactic acid-glycolic acid 
copolymer of the prior invention is employed, nor is any excipient; hence, the 
microparticles and composition claimed herein also are patentable. Clearly there are 
several inventive steps to arrive at the instant invention and the instant claims fulfill 
patentability criteria. 



36 



WO 96/40069 



PCT/US96/10031 




WO 96/40069 



PCT/US96/10031 




WEST 



WO 96/40069 



PCT/US96/10031 



3/5 



JL 



302 



INTRODUCE DRUG 
/ POLYMER INTO 
FIRST MIXING 
CHAMBER 



300 



JL 



304 



INTRODUCE 
EMULSIFIER INTO 
FIRST MIXING 
CHAMBER 



JL 



306 



FORM EMULSION 



JL 



308 



TRANSFER 
EMULSION INTO 
SECOND MIXING 

CHAMBER 



JL 



310 



INTRODUCE 
CROSS-LINKING AGENT 
INTO SECOND MIXING 
CHAMBER 



JL 



312 



FILTER 



JL 



314 



FIRST WASH 



JL 



316 



SECOND WASH 



JL 



318 



OVEN DRY 



JL 



320 



FIG..3 



WEST 



WO 96/40069 



PCTAJS96/1003I 



4/5 




WEST 



WO 96/40069 



PCT/US96/10031 



5/5 




WEST 



INTERNATIONAL SEARCH REPORT 



Intetiiational application No. 
PCT/US96/ 10031 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :A61K 9/14 

US CL :424/489 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. HELPS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

U.S. : 424/488,489,490 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
NONE 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
NONE 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y,P 



US 5,476,663 (OKADA) 19 December 1995, see entire 
document. 



1-28 



| | Further documents are listed in the continuation of Box C, | | See patent family annex. 



" Special categories of cited document*: 

*A" document defining the general *Wc of theut which is not considered 

to be of particular relevance 

* E" earlier document published on or after the international filing dale 

*L" document which nay throw doubt* on priority clsimfc} or which at 

cited to establish the publication date of another citation or other 
special reason (as specified) 

*0" document referring to an oral disclosure, use, exhibition or other 

* P* document published prior to the international filing date but bier than 



later document published after the international filing date or priority 
dale and not in conflict with the application but cited to understand the 
principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document b taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the tame patent family 



Date of the actual completion of the international search 
05 SEPTEMBER 1996 


Date of mailing of the international search report 

0 2 OCT 1996 


Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703) 305-3230 


Authorized officer ^^ fmf 

WILLIAMS BENSTON 
Telephone No. (703) 308-235f^^ 



Form PCT/lSAy2lO (second sheet)(July 1992)* 



WEST 



